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ABSTRACT
Objective:  This study aims to investigate the risk factors for severe postpartum hemorrhage 
(SPPH) in patients with placenta accreta spectrum (PAS) undergoing cesarean delivery, despite the 
prophylactic use of resuscitative endovascular balloon occlusion of the aorta (REBOA).
Materials and methods:  We conducted a retrospective case–control study on PAS patients who 
underwent cesarean delivery with prophylactic REBOA at the First Affiliated Hospital of Chongqing 
Medical University from January 2017 to December 2021. Prophylactic REBOA placement was 
determined by a prenatal ultrasound scoring system. Patients were divided into those who 
experienced SPPH (case group) and those who did not (control group), with SPPH defined by one 
or a combination of the following criteria: intraoperative blood loss ≥1500 mL, transfusion of ≥4 
units of packed red blood cells, intraoperative hysterectomy, or sequential uterine artery 
embolization. Propensity score matching (PSM) was employed to minimize biases, and multivariate 
logistic regression was used to calculate adjusted odds ratios (aOR) for risk factors.
Results:  Of the 424 enrolled patients, 102 experienced SPPH (case group), while 322 did not 
(control group). After PSM, the case group comprised 79 patients, and the control group included 
130. After adjusting for confounders, patients with placenta increta (aOR 3, 95% CI 1.49–6.03, 
p = 0.002), percreta (aOR 21.77, 95% CI 6.57–72.09, p < 0.001), lower hemoglobin levels (aOR 0.98, 
95% CI 0.95–1, p = 0.050), and higher D-dimer levels (aOR 1.36, 95% CI 1.12–1.65, p = 0.002) had 
an elevated risk of SPPH. Threshold effect analysis indicated no significant nonlinear relationship 
between hemoglobin, D-dimer, and outcomes.
Conclusions: PAS patients, particularly those with placenta increta and percreta, lower hemoglobin 
levels, and elevated D-dimer levels, are at an increased risk of SPPH during cesarean delivery, 
even with REBOA intervention.

KEY MESSAGES
•	 PAS patients are more likely to experience hemorrhage during cesarean deliveries.
•	 REBOA is effective for managing intraoperative bleeding, yet a subset still experiences SPPH.
•	 Our study identifies several risk factors in PAS patients who experience SPPH despite REBOA 

intervention.

Introduction

Placenta accreta spectrum (PAS) disorders refer to het-
erogeneous conditions characterized by abnormal 
adhesion and invasion of the placental trophoblast 
into the myometrium and, in some cases, the uterine 
serosa [1]. The incidence of PAS has been increasing 

considerably in the past decades from approximately 
0.005% to 0.01%–1.1% [2,3]. A 2021 study based on a 
U.S. inpatient database confirmed that, based on the 
current trend of increase, it is projected that there will 
likely be 1 case of PAS for every 200 cesarean deliver-
ies in the United States in 2025 [4]. The greatest risk of PAS 
is intraoperative catastrophic postpartum hemorrhage, 
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which can result in disseminated intravascular coagula-
tion, local organ damage, and maternal mortality [5,6]. 
Therefore, the management of intraoperative bleeding 
in patients with PAS is crucial to reduce the occur-
rence of serious complications.

Endovascular interventional techniques are increas-
ingly utilized during the perioperative phase to miti-
gate bleeding from aberrant placental implantation 
and reduce the rate of hysterectomy. Among these 
techniques, resuscitative endovascular balloon occlu-
sion of the internal iliac artery, common iliac artery, 
abdominal aorta, and uterine artery are commonly 
adopted methods [7]. Notably, recent studies have 
underscored the superiority of abdominal aorta occlu-
sion over iliac artery balloon occlusion in terms of 
recovery speed and reduced severe complica-
tions [8–10].

Despite these advancements, a subset of PAS 
patients does not derive the anticipated benefits from 
prophylactic resuscitative endovascular balloon occlu-
sion of the aorta (REBOA). Such patients continue to 
experience severe intraoperative bleeding, necessitat-
ing extensive blood transfusions or even hysterectomy. 
While the current body of research has extensively 
explored the safety and efficacy of prophylactic arterial 
balloons, there remains a gap in understanding the 
specific patient factors that predispose to severe post-
partum hemorrhage (SPPH) even after employing 
these interventions. Addressing this gap, our study 
endeavors to pinpoint the risk factors associated with 
SPPH in PAS patients undergoing elective cesarean 
delivery post-REBOA intervention.

Materials and methods

Ethics statement

This study adheres to the Declaration of Helsinki and 
was approval by the Research Ethics Committee of the 
First Affiliated Hospital of Chongqing Medical University 
on 2 September 2022 (Approval No: 2022-K416). As 
this research constitutes a retrospective case–control 
study, the ethics committee waived the requirement 
for participants’ informed consent.

Study design and population

This retrospective case–control study was conducted 
at the First Affiliated Hospital of Chongqing Medical 
University. We reviewed patients diagnosed with PAS 
who underwent REBOA during cesarean delivery from 
January 2017 to December 2021. For the diagnosis of 
PAS, we followed the 2019 International Federation of 

Gynecology and Obstetrics (FIGO) classification stan-
dards [11]. Cases that underwent hysterectomy were 
diagnosed based on postoperative pathological find-
ings. For the remaining patients, diagnosis relied on 
the clinical criteria combined with intraoperative 
observations. The decision to utilize prophylactic 
REBOA was informed by a prenatal ultrasound scoring 
system introduced in China in 2016, which evaluates 
PAS risk via cesarean history and eight ultrasound cri-
teria [12,13]. Those who achieved a score of ≥8 were 
identified as high risk for severe complications and 
were thus considered for prophylactic REBOA place-
ment. Exclusion criteria included: (1) incomplete clini-
cal or follow-up data; (2) presentation of stillbirth; (3) 
multiple pregnancies; and (4) presence of either car-
diovascular disease or a coagulation disorder. This 
study adhered to the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
guidelines.

Data collection

We retrospectively collected clinical information on 
demographics, previous medical history, pregnancy 
complications and perinatal management, and mater-
nal and neonatal outcomes from the hospital informa-
tion system. Baseline data included age, body mass 
index (BMI), and gestational age. The previous medical 
history covered gravidity, parity, and the number of 
cesarean deliveries. Pregnancy complications encom-
passed hypertensive disorders complicating pregnancy, 
gestational diabetes mellitus, and placenta previa. 
Perinatal management data consisted of prenatal ultra-
sound details, preoperative blood routine and coagula-
tion tests, and intraoperative conditions. Maternal and 
neonatal outcomes included delivery-related complica-
tions, intervention-related complications, intensive care 
unit (ICU) admissions, postoperative hospitalization 
duration, birthweight, and Apgar scores.

Outcome definition

In this study, PAS patients undergoing cesarean deliv-
ery with REBOA were classified into two groups based 
on the occurrence of SPPH: those who developed 
SPPH (case group) and those without SPPH complica-
tions (control group). SPPH was defined by any of the 
following criteria: intraoperative blood loss of ≥1500 mL, 
transfusion of ≥4 units of packed red blood cells 
(PRBC), intraoperative hysterectomy, or sequential uter-
ine artery embolization to manage bleeding. Intraoperative 
blood loss was measured using volumetric and/or 
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weighing methods, adjusted for amniotic fluid and 
irrigation.

Management of the patients

Patients with strong preoperative suspicion of PAS 
were managed in a planned manner, admitted 1–3 days 
before surgery, and underwent preoperative laboratory 
tests, blood preparation, and multidisciplinary consul-
tation. On the day of the cesarean delivery, under local 
anesthesia and guided by angiographic fluoroscopy, a 
balloon catheter was placed in the infrarenal abdomi-
nal aorta, above the aortic bifurcation. After successful 
placement, patients were immediately transferred to 
the operating room. Upon arrival, epidural anesthesia 
was administered for cesarean delivery. Once the 
fetus was delivered and the umbilical cord clamped, 
the occlusion balloon was immediately inflated. 
Obstetricians then surgically excised the portions of 
the placenta closely adhered to the myometrium and 
subsequently reconstructed the uterus. If removal of 
the placental tissue was deemed unfeasible, an imme-
diate hysterectomy was performed. If there was no 
active bleeding in the uterine region or within the pel-
vis, the balloon was deflated and extracted before 
closing the skin.

Statistical analyses

Statistical analysis was performed using R software 
(version 4.1.1, https://www.r-project.org/). Continuous 
variables were represented as Mean ± SD or Median 
(IQR), while categorical data were denoted by n (%). 
Independent sample t-tests or Mann–Whitney tests 
were used to compare continuous variables, and the 
chi-square test or Fisher’s exact test was employed for 
categorical variables. All tests were two-sided, with 
p < 0.05 indicating statistical significance.

To mitigate bias, an analysis of covariance was con-
ducted for all variables. The variance inflation factor 
(VIF) was used to assess multicollinearity, with a VIF 
>10 indicating severe covariance, resulting in the 
removal of redundant variables. Propensity score 
matching (PSM) was then applied to reduce selection 
bias. A 1:2 match ratio between the case and control 
groups was achieved using nearest neighbor matching 
with a caliper width of 0.02, without replacement.

Univariate logistic regression provided crude odds 
ratios (OR) with 95% confidence intervals (95% CI). 
Variables with p < 0.1 were included in a multivariate 
logistic regression analysis using the forward stepwise 
conditional method to calculate adjusted ORs (aOR). 

Based on the identified independent risk factors, a 
nomogram was developed. The diagnostic perfor-
mance of the nomogram was evaluated using a 
receiver operating characteristic (ROC) curve, with cut-
off points determined at the maximum Youden’s index. 
Smooth curve fitting was performed to explore nonlin-
ear relationships between risk factors and outcomes. 
Inflection points were identified using a recursive algo-
rithm, followed by a segmented regression model for 
threshold effect analysis.

Results

Baseline and characteristic comparison

Among the 2890 PAS patients who underwent cesar-
ean delivery, 447 were treated with REBOA based on 
the preoperative ultrasound score of 8 or higher. After 
excluding 23 patients for various reasons, 424 patients 
met the eligibility criteria for the study (Figure 1). Out 
of these, 102 developed SPPH despite the REBOA 
intervention (case group), while the remaining 322 did 
not exhibit SPPH (control group). Following PSM, the 
case group was narrowed down to 79 patients, and 
the control group to 130 patients. After PSM, no signif-
icant difference in baseline characteristics were 
observed between the two groups. The demographic 
and clinical characteristics of all patients are detailed 
in Table 1.

Compared to the control group, the case group had 
a significantly higher parity (p = 0.032) and a height-
ened incidence of placenta increta and percreta 
(p < 0.001). Preoperative laboratory tests revealed sig-
nificant differences in erythrocyte count (p = 0.001), 
hemoglobin (p = 0.003), hematocrit (p = 0.007), pro-
thrombin time (p = 0.005), fibrinogen (p = 0.011), fibrin 
degradation products (p < 0.001), and D-dimer 
(p < 0.001). Among the outcome characteristics, intra-
operative blood loss, PRBC transfusion, uterine artery 
embolization, hysterectomy, intraoperative bladder 
injury, ICU admission, and inpatient days differed sig-
nificantly between the two groups (p < 0.001). 
Newborns in the case group had a lower birthweight 
(p = 0.022), but Apgar scores were comparable between 
the groups. Furthermore, only two patients in the case 
group experienced venous thromboembolism, with no 
other intervention-related complications observed. 
After PSM, differences in parity (p = 0.500), birthweight 
(p = 0.887), and erythrocyte count (p = 0.078) were no 
longer statistically significant between the two groups.

In total, 28 factors related to the outcome were 
analyzed in this study. A multicollinearity analysis of 
covariates was performed, and variables with 
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significant VIF values were excluded (Figure S1). As a 
result, hematocrit and fibrin degradation products 
were not included in the subsequent analyses.

Risk factors associated with outcomes

In all included populations, univariate logistic regres-
sion analysis revealed that patients with higher gravid-
ity (p = 0.060), placenta increta (p < 0.001), and percreta 
(p < 0.001) had increased odds of experiencing SPPH. 
The risk of SPPH was found to increase with elevated 
prothrombin time (p = 0.010) and D-dimer levels 
(p < 0.001). Additionally, decreased levels of hemoglo-
bin (p = 0.010) and fibrinogen (p = 0.010) were also 
associated with a heightened risk. In the PSM popula-
tion, the presence of placenta increta (OR 2.91, 95% CI 
1.50–5.69, p < 0.001), percreta (OR 24.10, 95% CI 8.44–
87.79, p < 0.001), elevated prothrombin time (OR 1.66, 
95% CI 1.16–2.41, p = 0.010), increased D-dimer levels 
(OR 1.46, 95% CI 1.23–1.77, p < 0.001), and decreased 
hemoglobin (OR 0.98, 95% CI 0.96–1, p = 0.030), and 
fibrinogen levels (OR 0.7, 95% CI 0.48–0.99, p = 0.050) 
were significant predictors of SPPH (Table 2).

To further eliminate potential impacts on outcomes, 
we performed multivariate logistic regression analyses, 
adjusting for potential confounders (Table 3). The case 
group was significantly associated with increta (aOR 
2.69, 95% CI 1.53–7.74, p = 0.001), percreta (aOR 14.24, 
95% CI 6.77–29.98, p < 0.001), hemoglobin levels (aOR 
0.98, 95% CI 0.96–1, p = 0.025), and D-dimer levels 
(aOR 1.37, 95% CI 1.2–1.57, p < 0.001). After PSM, the 
depth of placenta invasion, hemoglobin levels (aOR 
0.98, 95% CI 0.95–1, p = 0.050), and D-dimer levels 
(aOR 1.36, 95% CI 1.12–1.65, p = 0.002) remained signif-
icant independent predictors of SPPH. Notably, there 
were significant associations between the depth of 
placental invasion and risk (increta: aOR 3, 95% CI 
1.49–6.03, p = 0.002; percreta: aOR 21.77, 95% CI 6.57–
72.09, p < 0.001).

The independent risk factors identified by multivar-
iate logistic regression in the PSM population were 
used to develop a nomogram (Figure 2). The clinical 
validity of this model was assessed, yielding an area 
under the curve of 0.80 (95% CI 0.73–0.86). With a cut-
off value set at 0.41, the model demonstrated a sensi-
tivity of 0.68 and a specificity of 0.84. The positive and 

Figure 1.  Research flow chart. PAS: placenta accreta spectrum; PSM: propensity score matching.

https://doi.org/10.1080/07853890.2024.2442065


Annals of Medicine 5

Table 1.  Baseline characteristics of patients in the case and control groups.

Characteristics

Before PSM After PSM

Case
(n = 102)

Control
(n = 322) P-value

Case
(n = 79)

Control
(n = 130) P-value

Age (years) 33 (7) 32 (6) 0.002 33 (6)a 32 (5) 0.449
BMI 21.8 (4.95) 21.5 (3.73) 0.134 21.5 (4.9) 21.4 (3.18) 0.634
Gestational age (days) 253 (9) 257 (9) <0.001 256 (9) 256 (8.75) 0.809
Weight gain in pregnancy (kg) 12.5 (5.5) 13 (6) 0.301 13 (6) 13 (4.75) 0.615
Gravidity 0.081 0.661
  1–3 28 (27.45) 121 (37.58) 26 (32.91) 48 (36.92)
  ≥4 74 (72.55) 201 (62.42) 53 (67.09) 82 (63.08)
Parity 0.032 0.500
  0 4 (3.92) 7 (2.17) 3 (3.80) 4 (3.08)
  1 66 (64.71) 250 (77.64) 57 (72.15) 103 (79.23)
  ≥2 32 (31.37) 65 (20.19) 19 (24.05) 23 (17.69)
Previous cesarean delivery 0.217 0.782
  0 4 (3.92) 14 (4.35) 3 (3.80) 7 (5.38)
  1 73 (71.57) 254 (78.88) 63 (79.75) 105 (80.77)
  ≥2 25 (24.51) 54 (16.77) 13 (16.46) 18 (13.85)
History of abortions 84 (82.35) 259 (80.43) 0.776 64 (81.01) 101 (77.69) 0.692
History of placenta previa 3 (2.94) 16 (4.97) 0.583 3 (3.80) 7 (5.38) 0.746
History of intrauterine 

operation
88 (86.3) 271 (84.2) 0.606 66 (83.5) 106 (81.5) 0.713

Complication
 I VF-ET 0 (0) 3 (0.93) 1.000 0 (0.00) 2 (1.54) 0.528
  HDCP 2 (1.96) 6 (1.86) 1.000 1 (1.27) 4 (3.08) 0.652
  GDM 21 (20.59) 51 (15.84) 0.336 13 (16.46) 23 (17.69) 0.968
  Uterine fibroid 0 (0) 10 (3.1) 0.127 0 (0) 6 (4.6) 0.085
 C omplete placenta previa 96 (94.12) 290 (90.06) 0.293 73 (92.41) 117 (90.00) 0.735
  Pernicious placenta previa 95 (93.14) 294 (91.30) 0.704 73 (92.41) 121 (93.08) 1.000
Symptoms of vaginal bleeding 45 (44.12) 133 (41.30) 0.699 32 (40.51) 54 (41.54) 0.998
Symptoms of abdominal pain 14 (13.7) 42 (13) 0.859 11 (13.9) 16 (12.3) 0.736
Placenta site 0.200 0.316
  Anterior 12 (11.76) 59 (18.32) 8 (10.13) 23 (17.69)
  Posterior 43 (42.16) 140 (43.48) 35 (44.30) 55 (42.31)
  Anterior–posterior 47 (46.08) 123 (38.20) 36 (45.57) 52 (40.00)
Depth of PAS <0.001 <0.001
  Accreta 33 (32.35) 223 (69.25) 24 (30.38) 89 (68.46)
 I ncreta 34 (33.33) 84 (26.09) 29 (36.71) 37 (28.46)
  Percreta 35 (34.31) 15 (4.66) 26 (32.91) 4 (3.08)
Preoperative laboratory tests
 E rythrocyte count (1012/L) 3.62 (0.64) 3.78 (0.56) 0.001 3.64 (0.69) 3.78 (0.51) 0.078
  Hemoglobin (g/L) 110 (18) 115 (17) 0.003 111 (19) 115 (14) 0.017
  Hematocrit (%) 33.7 (4.7) 34.7 (4.45) 0.007 33.7 (5.1)a 34.65 (3.75) 0.050
  Platelet (109/L) 186 (72.75) 180.5 (74.75) 0.142 184 (66) 177.5 (65) 0.744
  PT (s) 11.5 (1.28) 11.3 (1) 0.005 11.5 (1.2) 11.3 (0.88) 0.004
  APTT (s) 27.25 (4.93) 26.4 (4.78) 0.404 27.3 (5.35) 26.15 (3.65) 0.065
  TT (s) 15.85 (1) 15.8 (1.18) 0.818 15.8 (1.05) 15.9 (1) 0.649
 F ibrinogen (g/L) 3.99 (1.33) 4.32 (1.12) 0.011 3.96 (1.26)a 4.33 (0.98) 0.047
 FD P (µg/ml) 7 (6.1) 5.3 (3.73) <0.001 7 (5.8) 5.45 (4.15) <0.001
 D -dimer (mg/L) 2.98 (2.84) 2.04 (1.62) <0.001 3.1 (2.46) 2.08 (1.72) <0.001
Pregnancy outcome
  Birthweight (g) 2702.5 (565)a 2847.5 (523) 0.022 2750 (510)a 2820 (560) 0.887
  Apgar score

  1 min 8 (1) 9 (1) 0.125 9 (1) 9 (1) 0.795
  5 min 10 (1) 10 (1) 0.229 10 (1) 10 (0.25) 0.750
  10 min 10 (0) 10 (0) 0.109 10 (0) 10 (0) 0.838

Blood loss (mL) 2000 (1200) 600 (250) <0.001 2000 (1100) 600 (200) <0.001
PRBC transfusion (units) 4 (3.5) 0 (0) <0.001 3 (2.5) 0 (0) <0.001
Uterine artery embolization 16 (15.7) 0 (0) <0.001 11 (13.9) 0 (0) <0.001
Hysterectomy 24 (23.5) 0 (0) <0.001 17 (21.5) 0 (0) <0.001
Bladder injury 10 (9.8) 2 (0.6) <0.001 8 (10.1) 0 (0) <0.001
Venous thromboembolism 2 (2) 0 (0) 0.057 1 (1.3) 0 (0) 0.378
ICU admission 14 (13.7) 1 (0.3) <0.001 10 (12.7) 0 (0) <0.001
Inpatient days (days) 8 (3) 6 (2) <0.001 7 (3) 6 (2) <0.001

Note: Continuous data are represented as median (IQR). Categorical data are represented as n (%). Chi-square test or Fisher’s exact test for categorical 
variables and t-test and Mann–Whitney U test for normally distributed and non-normally distributed continuous variables, respectively.
aThe variables conform to a normal distribution.
Abbreviations: PSM: propensity score matching; BMI: body mass index; IVF-ET: In vitro fertilization and embryo transfer; HDCP: hypertensive disorders 
complicating pregnancy; GDM: gestational diabetes mellitus; PT: prothrombin time; APTT: activated partial thromboplastin time; TT: thrombin time; FDP, 
fibrin degradation products; PRBC: packed red blood cells; ICU: intensive care unit.
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negative predictive values were 0.80 and 0.77, respec-
tively (Figure 3).

Threshold effect analysis

After adjusting for confounders, a potential nonlinear 
relationship between both hemoglobin and D-dimer 
levels and the outcome was observed, as depicted by 
the smooth curve fitting (Figure 4). The inflection 

points for hemoglobin and D-dimer in relation to the 
outcome were identified as 114 g/L and 6.22 mg/L, 
respectively. These points were determined using a 
segmented regression model and a recursive algo-
rithm. The likelihood ratio test, comparing the seg-
mented model to the original model, indicated no 
significant difference in the results (p = 0.107 for hemo-
globin and p = 0.412 for D-dimer) (Table 4). Consequently, 
the nonlinear relationship between hemoglobin, 
D-dimer, and the outcome was not statistically signifi-
cant, indicating no threshold effect.

Discussion

In this retrospective case–control study, we explored 
the relationship between specific risk factors and the 
incidence of SPPH in PAS patients treated with REBOA. 
Our primary analysis revealed that placenta increta, 
percreta, lower hemoglobin levels, and elevated 

Table 2.  Univariate binary logistic regression analysis before and after PSM.

Variables

Before PSM After PSM

Crude OR (95% CI) P-value Crude OR (95% CI) P-value

Weight gain in pregnancy (kg) 0.98 (0.93—1.02) 0.280 0.98 (0.92–1.05) 0.600
Gravidity
  1–3 Ref Ref
  ≥4 1.59 (0.98—2.63) 0.060 1.19 (0.66–2.17) 0.560
Parity
  0 Ref Ref
  1 0.46 (0.14—1.81) 0.230 0.74 (0.16–3.85) 0.700
  ≥2 0.86 (0.24—3.49) 0.820 1.1 (0.22–6.17) 0.910
Previous cesarean delivery
  0 Ref Ref
  1 1.01 (0.35–3.63) 0.990 1.4 (0.37–6.67) 0.630
  ≥2 1.62 (0.52–6.16) 0.430 1.69 (0.39–8.97) 0.500
History of abortions 1.14 (0.65–2.07) 0.670 1.23 (0.62–2.51) 0.570
History of placenta previa 0.58 (0.13–1.78) 0.390 0.69 (0.15–2.58) 0.600
History of intrauterine operation 1.18 (0.63–2.24) 0.606 1.15 (0.55–2.41) 0.713
Complication
  HDCP 1.05 (0.15–4.65) 0.950 0.4 (0.02–2.79) 0.420
  GDM 1.38 (0.77–2.4) 0.270 0.92 (0.42–1.91) 0.820
 C omplete placenta previa 1.77 (0.77–4.8) 0.220 1.35 (0.51–3.99) 0.560
  Pernicious placenta previa 1.29 (0.58–3.3) 0.560 0.9 (0.31–2.8) 0.860
Symptoms of vaginal bleeding 1.12 (0.71–1.76) 0.620 0.96 (0.54–1.69) 0.880
Symptoms of abdominal pain 1.06 (0.55–2.03) 0.859 1.15 (0.51–2.63) 0.736
Placenta site
  Anterior Ref Ref
  Posterior 1.51 (0.76–3.18) 0.250 1.83 (0.76–4.78) 0.190
  Anterior–Posterior 1.88 (0.95–3.95) 0.080 1.99 (0.83–5.2) 0.140
Depth of PAS
  Accreta Ref Ref
 I ncreta 2.74 (1.59–4.71) <0.001 2.91 (1.5–5.69) <0.001
  Percreta 15.77 (7.93–32.8) <0.001 24.1 (8.44–87.79) <0.001
Birthweight (g) 1 (1.0–1.0) 0.020 1 (1.0–1.0) 0.890
Preoperative laboratory tests
 E rythrocyte count (1012/L) 1.01 (0.87–1.11) 0.910 1.06 (0.92–1.39) 0.450
  Hemoglobin (g/L) 0.98 (0.96–0.99) 0.010 0.98 (0.96–1) 0.030
  Platelet (109/L) 1 (1–1.01) 0.150 1 (1–1.01) 0.840
  PT (s) 1.4 (1.09–1.81) 0.010 1.66 (1.16–2.41) 0.010
  APTT (s) 1.02 (0.96–1.08) 0.570 1.07 (0.99–1.16) 0.100
  TT (s) 0.95 (0.72–1.22) 0.690 0.9 (0.65–1.21) 0.510
 F ibrinogen (g/L) 0.68 (0.52–0.89) 0.010 0.7 (0.48–0.99) 0.050
 D -dimer (mg/L) 1.43 (1.27–1.63) <0.001 1.46 (1.23–1.77) <0.001

Abbreviations: HDCP: hypertensive disorders complicating pregnancy; GDM: gestational diabetes mellitus; PT: prothrombin time; APTT: activated partial 
thromboplastin time; TT: thrombin time.

Table 3.  Multivariate logistic regression before and after PSM.

Variables

Before PSM After PSM

Adjusted ORa 
(95% CI) P-value

Adjusted ORa 
(95% CI) P-value

Depth of PAS
  Accreta Ref Ref
 I ncreta 2.69 (1.53–4.74) 0.001 3 (1.49–6.03) 0.002
  Percreta 14.24 (6.77–29.98) <0.001 21.77 (6.57–72.09) <0.001
Hemoglobin (g/L) 0.98 (0.96–1) 0.025 0.98 (0.95–1) 0.050
D-dimer (mg/L) 1.37 (1.2–1.57) <0.001 1.36 (1.12–1.65) 0.002
aAdjusting for gravidity, prothrombin time, and fibrinogen.
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D-dimer levels significantly contribute to the risk of 
SPPH. This correlation underscores the importance of 
heightened vigilance and thorough preoperative 
assessment in patients exhibiting these characteristics.

Balloon occlusion of the abdominal aorta serves as 
a prophylactic technique providing critical proximal 
control of blood flow, effectively reducing the risk of 
hemorrhage by occluding collateral vessels to the 
uterus alongside the uterine artery and internal iliac 
artery. This approach has been validated as both safe 
and effective, complementing conservative surgical 
methods [7,8]. Notably, in our cohort of 424 PAS 

patients managed with REBOA, the rate of hysterec-
tomy was remarkably low, with only 24 patients requir-
ing this intervention, markedly below historically 
reported rates for PAS management [14–16]. Furthermore, 
the incidence of catheter-related complications was 
minimal, with only two cases of venous thromboembo-
lism observed. These outcomes highlight the potential 
of REBOA to reduce the need for severe surgical inter-
ventions and associated complications. However, it’s 
important to acknowledge that a subset of patients 
still faced challenges, including SPPH or hysterectomy, 
despite the advantages offered by REBOA.

Figure 2.  A nomogram was developed based on independent risk factors screened by multivariate logistic regression in the PSM 
population.

Figure 3.  The ROC of the multivariate logistic regression model.
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The management of abnormally invasive placenta, 
especially in case of increta and percreta, presents sig-
nificant clinical challenges. Previous research has 
shown that these conditions are associated with a 
higher incidence of severe maternal morbidity com-
pared to placenta accreta, They are more prone to 
severe intraoperative bleeding (≥5000 ml), frequent 
large intraoperative transfusions (PRBC ≥10 units), 
higher hysterectomy rates, and an increased risk of 

surgical mortality [4,17–19]. Consistent with their find-
ings, our study indicated that patients with abnormally 
invasive placenta, especially those with percreta, faced 
challenges in achieving optimal intraoperative hemor-
rhage control and were more susceptible to severe 
delivery-related complications, even with early REBOA 
management. These findings highlight the critical 
importance of advanced surgical planning and the 
potential role of REBOA in mitigating intraoperative 
blood loss.

Optimizing preoperative hemoglobin levels emerges 
as a pivotal strategy for mitigating morbidity in PAS 
patients [20]. While there is no direct evidence sug-
gesting that prenatal optimization of hemoglobin is 
specifically recommended for PAS cases, prior studies 
on postpartum hemorrhage have indicated that 
women with hemoglobin levels <90 g/L at delivery 
face an elevated risk of excessive blood loss both 
during delivery and in the immediate postpartum 
period [21]. The International Society for Abnormally 

Figure 4.  Relationship between hemoglobin and D-dimer levels with SPPH post-REBOA in PAS patients. After adjusting for the 
depth of PAS, hemoglobin, and D-dimer, a nonlinear relationship was observed between the levels of hemoglobin and D-dimer 
and the outcome.

Table 4.  Threshold effects analysis of preoperative hemoglo-
bin and D-dimer values on outcomes using piecewise linear 
regression.

Outcomes

Hemoglobin (g/L) D-dimer (mg/L)

Odds ratioa 
(95% CI) P-value

Odds ratioa 
(95% CI) P-value

Infection point 114 6.22
< Infection point 0.95 (0.91–0.99) 0.014 1.29 (1.02–1.64) 0.035
≥ Infection point 1.01 (0.96–1.06) 0.702 1.93 (0.67–5.51) 0.222
LR test 0.107 0.412
aAdjusted: depth of PAS, hemoglobin, D-dimer.
Abbreviation: LR test: Likelihood ratio test.
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Invasive Placenta (IS-AIP) guidelines recommend main-
taining hemoglobin levels >110 g/L prior to 28 weeks 
of gestation and >105 g/L after 28 weeks of gestation 
[22]. Our findings align with existing literature, sug-
gesting that maintaining preoperative hemoglobin lev-
els above certain thresholds may significantly reduce 
the risk of major transfusions. While our data also 
manifested a potential nonlinear relationship with an 
inflection point at 114 g/L, this observation was not 
statistically significant. These results underscore the 
value of preoperative interventions, including iron sup-
plementation and blood management, as integral 
components of PAS care.

Furthermore, our analysis emphasizes the prognostic 
value of coagulation markers, particularly D-dimer, in 
predicting the severity of PAS and subsequent blood 
loss. Guo et  al. [23] conducted an analysis on the coag-
ulation test of 95 patients with a confirmed pathologi-
cal diagnosis of PAS within 2 weeks prior to delivery. 
Their findings revealed that preoperative coagulation 
markers, notably prothrombin time, D-dimer, and fibrin 
degradation products, were associated with the sever-
ity of PAS and the volume of intraoperative blood loss. 
Elevated D-dimer levels, indicative of increased fibrino-
lysis activity, were significantly associated with adverse 
outcomes, suggesting that these markers could serve 
as crucial indicators for preoperative risk stratification 
and personalized management plans.

Our research highlights the profound significance of 
identifying and managing a specific subgroup of PAS 
patients who are at high risk for severe complications. 
By employing PSM, we were able to effectively reduce 
confounding factors, lending greater validity to our 
findings. This study deepens our comprehension of the 
complex risks tied to PAS and demonstrates the signif-
icant role of REBOA in addressing these challenges. We 
advocate for an integrated, multidisciplinary approach 
in preoperative planning that includes comprehensive 
risk assessments and customized management strate-
gies, aiming to enhance the prognosis for PAS patients.

Nevertheless, our study also has some limitations. 
Firstly, we identified four adverse outcomes associated 
with the occurrence of SPPH. Given the varying defini-
tions of SPPH across studies, this might introduce dis-
crepancies when comparing our findings with those of 
other researchers. Secondly, due to the limited sample 
size at a single center, we were unable to analyze cer-
tain risk factors considered to be associated with PAS, 
such as adenomyosis, endometriosis, uterine anoma-
lies, and ovarian disease, which may impact the gener-
alizability of our findings. Moving forward, future 
efforts will focus on conducting a multicenter study to 

address these concerns and conducting a stratified 
analysis based on different pregnancy outcomes.

Conclusions

In conclusion, our study demonstrates that even with 
prophylactic REBOA, certain PAS patients remain at 
high risk for SPPH. Specifically, those identified as high 
risk through a prenatal ultrasound scoring system, and 
presenting with placenta increta, percreta, lower hemo-
globin, and elevated D-dimer levels, are more likely to 
experience SPPH. These insights emphasize the need 
for targeted preoperative optimization and highlight 
the predictive importance of coagulation markers in 
managing PAS patients effectively.
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